Abstract-In this paper, MIMO (Multiple-Input-Multiple Output) system based on turbo equalization techniques which LDPC (Low Density Parity Check) codes were outer code and STTC (Space Time Trellis Code) were employed as an inner code are studied. LDPC may be applied these system, it must make BCJR output be hard decision data. It caused performance degraded. This paper proposed turbo equalization model for LDPC codes able to apply MIMO system combined with STTC codes. By the simulation results, we confirmed performance of proposed turbo equalization model was improved about 2.5 dB than that of turbo codes and about 11.5dB than that of conventional LDPC codes.
INTRODUCTION
The broadband wireless communication systems are expected to provide users with high-speed wireless multimedia services. The rapidly growing demand for these services is driving the communication systems toward a higher data and performance improvement simultaneously. That's why MIMO (Multiple-Input-Multiple-Output) technique and channel coding technique having a high performance are being studied until recent [1] . Furthermore, recently, MIMO System used LST (Layered Space Time code) system combining STC (Space Time Code) with iterative codes [4] [5] . For configuration of the decoder based on turbo equalization, which improves the performance via iteration, concatenating the inner and outer codes with extrinsic information. STTC (Space Time Trellis Code) codes are employed as an inner codes, and the outer codes considered are the duo-binary turbo-phi code [6] [7], which is recommended to apply to DVB-RCS NG (Digital Video Broadcasting -Return Channel by Satellite Next Generation), and the LDPC (Low Density Parity Check) codes, which are used as the standard for DVB-S2 (Digital Video Broadcasting -Satellite 2) and 802.11n. The LDPC codes are not only less complex than the turbo codes, but also do not caused the error floor, due to its good distance properties. Therefore, it can do high-speed processing via full parallel processing. Its performance is also excellent as it can configure a large encoder [8-10].
The existing research improves the performance via a whole iteration by applying the duo-binary turbo codes which obtaining the probability of two bits. In contrast, the LDPC codes, which are superior to the turbo codes, cannot be applied in the MIMO, because its decoding bit represents the LLR (Log-Likelihood Ratio) value of one bit. In order to resolve this problem, we propose a method which executes a whole iteration via separation or combination of bits, connecting the STTC and LDPC codes. Through this process, it was confirmed via simulation, that the performance was improved via iteration of inner codes and outer codes.
In simulation results, comparing with conventional method which connects the turbo codes with STTC, the proposed method is better about 2.5 dB. Comparing with LST model based on hard decision, the proposed method obtains coding gain by 11.5 dB.
II. LST MODEL BASED ON ITERATIVE CODES
Without loss of generality, we consider an M N  MIMO communication system equipped with N -transmit antennas and M -receive antennas. As shown in Fig. 1 , MIMO system based on LST model which iterative codes were outer code and STTCs were employed as an inner code is depicted. In this section, we discuss the MIMO system based on duo-binary turbo code and LDPC codes. 
is the time index, The decoding method of BCJR, which is the decoder of STTC, calculates the LLR value at each state in accordance with the input value of two bits. When the transmitting antenna is fixed to two, and the receiving antenna is changed, in the MIMO system which is based on the LST model with connected turbo codes and STTC, the performance is shown in Fig. 2 . It could be reduced that the performance of about 4dB with BER 4 10  gets better when the number of receiving antenna is two, in comparison with one, due to the benefits of diversity and encoding of STTC as the number of antenna increases.
B. Conventional STTC combined with LDPC codes
The structure of transmitting and receiving of LST model via connection of the existing LDPC codes and STTC codes, can use the LDPC codes as the iteration code, as shown in Fig.  1 .
At the STTC decoding stage, the BCJR decoder outputs the probability values of "00", "01", "10", and "11", at each state of two bits input value. In contrast, the LDPC decoder has to decode with the received signal which is input into the decoder by one bit. Therefore, the soft decision output value for two bits of the BCJR decoder cannot be used as an input value for the LDPC decoder. In the point of LDPC decoder, the output of the LDPC decoder is the LLR value of single bit, so it cannot be fed to BCJR decoder. Consequently, the iteration of the whole codes for STTC and LDPC is impossible. Even though iteration would be possible, the performance is not improved through iteration.
III. PROPOSED LST MODEL COMBING STTC WITH LDPC CODES
Though iteration between BCJR decoder and LDPC decoder is impossible, the iteration of each decoder may possible. We can't obtain required performance as increasing the iteration of individual decoder. To overcome this problem, we proposed turbo equalization model for LDPC codes able to apply MIMO system combined with STTC codes is shown Fig.3 . It is a structure where the symbol separation block and symbol combine block are added to the receiver, which will enable whole iteration. The symbol separation block is the output value of the BCJR decoder which is the result of soft decision of 1 bit. For this, the output LLR value of the BCJR decoder was reconfigured as LLR value for 1 bit, which was shown in the (2) and (3).
However, this method has a problem that it cannot execute the whole iteration, although it largely improves the capacity in comparison with the existing method which Identify applicable sponsor/s here. If no sponsors, delete this text box. (sponsors) connects STTC with LDPC codes. The LLR value, which is estimated with the LDPC decoder, is the probability of '0' and '1' for each bit, it cannot be presented as the probability of two bits, and therefore whole iteration is not available. In order to address this problem, the symbol combine is applied in the receiver structure shown in the Fig.3 .
The symbol combine, combined the bit of the LLR value ) ( m u L which have been estimated with the LDPC decoder, like the (4) and (5).
denotes the output value of the LDPC decoder for the input value k u of the th k LDPC codes. With this proposed method, the whole iteration between STTC decoder and LDPC decoder is enabled. As a result, the performance is improved.
IV. SIMULATION RESULTS
The STTC encoder, which was used in the simulation, analyzed the performance of the case where STTC with 32-state structure with two receiving antennas, when the number of receiving antenna was one or two. The LDPC encoder employed the size of transmit bit K=32400, and coding rate of R=1/2. The QPSK modulation scheme was applied. 4 shows the BER performance, one of which shows the BER performance in accordance with the number of receiving antennas when the existing STTC and LDPC codes are connected by hard decision; the other shows the BER performance based on the method which employs the value of the result of soft decision of the BCJR decoder as the input for the LDPC decoder by (2) and (3). The result of the simulation which connected the existing STTC and LDPC code showed that error floor occurred when the number of the receiving antenna was one. When there were two receiving antennas, the performance was improved, at BER 4 10  by about 13dB. As a result, it was confirmed that the performance of the LDPC encoder was improved by using the soft decision of the output of the BCJR decoder. However, the whole iteration between BCJR decoder and LDPC decoder is enabled. To overcome this problem, we simulated of proposed method by (4) and (5). Fig.5 shows the BER performance, one of which shows the BER performance based on the method which conventional LST model based on STTC using the hard decision value, and the LDPC codes; the other shows the BER performance based on the method which LST model based on STTC using the soft decision value, and the LDPC codes; the other shows the BER performance we proposed turbo equalization model for LDPC codes able to apply MIMO system combined with STTC codes. By the simulation results according to Fig.5 , it could be reduced that when the whole iteration between BCJR decoder and LDPC decoder is executed for seven times using the proposed method, the performance is improved by 1 dB, in comparison with LST model based on STTC using the soft decision value and the LDPC codes, on the basis of BER 4 10  . Also we confirmed performance of proposed turbo equalization model was improved about 2.5 dB than that of turbo codes shown in Fig.2 and about 11.5dB than that of conventional LDPC codes, on the basis of BER 4 10  .
V. CONCLUSIONS
In this paper, MIMO system based on turbo equalization techniques with LDPC codes were outer code and STTC were employed as an inner code are studied. Conventional method the iteration of the whole codes of STTC and LDPC is impossible, but only the iteration of each code in the decoder is possible. As a result the performance is degraded. To overcome this problem, we proposed the enable whole iteration between STTC and LDPC codes. And it was confirmed the simulation results.
Comparing the results of simulation with two receiving antennas, on the basis of BER 4 10  , it was confirmed that the performance of the method which connects the turbo codes with STTC was better by about 9 dB, in comparison with the method which conventional LST model based on hard decision, connects the existing LDPC codes with STTC. In contrast, with the method this study proposed, with which the whole iteration was executed for seven times, the performance was improved by about 2.5 dB, in comparison with the method which connects the turbo code with STTC. To compare with the method which conventional LST model based on hard decision, connects the existing LDPC code with STTC, proposed method of this study improved the performance by about 11.5dB. In this regard, we suggest that the structure proposed in this study is appropriate for the recent wireless communication system.
